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A B S T R A C T
Ecosystems around the world generate a wide range of services. Often, there are trade-oﬀs in ecosystem service
provision. Managing such trade-oﬀs requires governance of interdependent action situations. We distinguished
between (1) enhancing action situations where beneﬁciaries create, maintain, or improve an ESS and (2) ap-
propriation action situations where actors subtract from a ﬂow of ESS. We classiﬁed ESSs in order to identify
focal action situations and link them to ESS governance types which are likely to strengthen sustainable eco-
system management. The classiﬁcation is applied to six forest cases in Asia, Africa and Latin America.
Our results conﬁrm that ecosystem management, which more strongly supports the provision of public goods
and common pool resources, is often under strong pressure to be transformed into systems that mainly provide
private goods. This can be partly explained by incentive constellations in the action situations of public goods
and common pool resources. Therefore, governance has to be adapted to speciﬁc ESSs. ESS governance needs to
identify institutions which best ﬁt to diﬀerent ESSs and to harmonize them for all the ESSs provided by the
system. Our approach helps to understand why institutions fail or succeed in maintaining ESSs.
1. Introduction
Beneﬁciaries at local, regional and global scales enjoy provisioning,
cultural, regulating, and supporting ecosystem services (ESSs) as as-
pects of ecosystems that are utilized to produce human well-being
(MEA, 2005, Fisher et al., 2009, Raudsepp-Hearne et al., 2010). In
particular, poor, rural households depend on provisioning ESSs such as
food, fuel, grazing biomass, timber, and medicine. In addition, the poor
are the most vulnerable to ecosystem disservices such as pest infestation
or ﬂooding and to ecosystem losses such as diminishing forest re-
sources. The social-ecological interactions relevant to the governance of
ESSs are, however, not yet suﬃciently understood (Reyers et al., 2013,
Ban et al., 2015, Cook et al., 2016). Finding ways of managing eco-
systems that strike a balance between enhancing the provisioning of
ESSs while limiting losses is still an unresolved challenge.
Alternative management and governance choices at various scales
lead to diﬀerent combinations of actual and potential ESSs. Often, there
are trade-oﬀs where optimizing one ESS results in gains and losses of
other ESSs (Tallis et al., 2008, Howe et al., 2014, Ban et al., 2015).
Decisions favouring the provision of bundles of ESSs with lower societal
welfare value at the expense of bundles of ESSs with higher value result
from (i) insuﬃcient knowledge about ESS values and interactions
(Rodríguez et al., 2006, Costanza et al., 2017) and/or (ii) diverging
interests, with some people not having full control over the costs they
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experience from other people’s actions or of people enjoying beneﬁts
but not contributing to their creation (Ostrom, 1990). The latter chal-
lenge creates incentives for short-sighted individual actions at the ex-
pense of society’s welfare. Avoiding such suboptimal actions requires
appropriate governance responses. Whether and which problematic
incentive situations occur depends on features of the ESS. Equally,
which governance responses are most promising to improve decisions
also depends on features of the ESS. Our ﬁrst contribution to the ESS
governance discussion is the classiﬁcation of ESSs in order to link them
to ESS governance types which are likely to strengthen their sustainable
management.
Natural resource governance studies often focus on a single resource
used by rather homogeneous groups of people (Howe et al., 2014). ESS
research teaches us, however, that ecosystems provide multiple op-
portunities for generating a broad range of beneﬁts to people (e.g.,
OECD, 2003, MEA, 2005, Maynard et al., 2015, IPBES, 2015, Barnaud
et al., 2018). There are both competing and complementary ESS bun-
dles, which aﬀect diﬀerent stakeholder interests (Raudsepp-Hearne
et al., 2010, Maynard et al., 2015). Our second contribution to the ESS
governance discussion is to create awareness about the fact that eco-
system governance must simultaneously address diﬀerent types of ESSs
which require diﬀerent governance responses. As a result, ecosystem
governance is typically a mixture of diﬀerent types of interacting in-
stitutions.
Our analyses contribute to a better understanding of why institu-
tions fail or succeed in maintaining ESSs (Carpenter et al., 2009). It
enriches the ESS discourse by illustrating the linkages of ESSs with
human agency and governance and contributes to the understanding of
making the ESS concept operational for policy makers and the sus-
tainability science community (Ruckelshaus et al., 2015, Costanza
et al., 2017, Barnaud et al., 2018). This paper is driven by the moti-
vation to guide policy makers and the sustainability science community
in the process of identifying sustainable ecosystem governance frame-
works. Our study addresses, however, issues of stakeholders beyond
this target group. Stakeholders are deﬁned as all those that aﬀect or are
aﬀected by the ESS governance and management. They encompass in-
dividuals, groups, and organizations.
We will ﬁrst present the conceptual background of our approach
before applying it to cases in Asia, Africa and Latin America, with
forests as the example land-use type. This will demonstrate the poten-
tial for the approach to support comparative studies.
2. Analytical framework and its justiﬁcation
To disentangle the governance challenges related to ESSs, we dis-
tinguish action situations (AS) related to ecosystem management un-
derstood as social spaces where people and organisations interact with
each other in relation to ecosystems and ESSs (Ostrom, 2009). Natural
resource governance research distinguishes between provisioning and
appropriation ASs (Hinkel et al., 2015, Costanza et al., 2017). In the ESS
context, we slightly reﬁne them and diﬀerentiate between (1) enhan-
cing ASs, where people support the creation, maintenance, improve-
ment, or degradation of ESSs through investments, management or
restoration, and (2) appropriation ASs, where people subtract from
available ESSs. Each ESS has its own ASs and the interplay of enhancing
and appropriating ASs of all ESSs in the system needs to be governed.
We understand ecosystem governance as the combined societal pro-
cesses organising the appropriation and enhancing ASs of all ESSs in a
speciﬁc social-ecological system (inspired by Ostrom, 2009, Woodhill,
2010, Loft et al., 2015). Governance concretizes in institutions under-
stood as formal and informal norms, rules, and laws (Loft et al., 2015,
McGinnis and Ostrom, 2014).
ESS governance is eﬀective when the interplay of its institutions
understood as norms, rules, and laws successfully organises the societal
processes to support the production of desired outcomes (Cole et al.,
2014, Barnaud et al., 2018). To be eﬀective, governance needs to be
adapted to the social-ecological system (SES) context (Ostrom, 2007,
Mann et al., 2015). No governance regime is intrinsically superior to the
other (Williamson, 2000, Ostrom, 2007, Woodhill, 2010). Instead, in-
stitutions need to ﬁt to the context (Fisher et al., 2009). For ESS gov-
ernance this means that the characteristics of ESS aﬀect the likelihood
of diﬀerent types of institutions to produce outcomes. We call the
combination of ESS and institution which most likely produces desired
management outcomes the institutional ﬁt of the ESS (Cox, 2012, Loft
et al., 2015). The ESS-speciﬁc institutions organising the enhancing and
appropriating ASs of all co-produced ESSs in a speciﬁc social-ecological
system build an interconnected bundle of norms, rules and laws.
We refer to the SES framework (Ostrom, 2007, 2009, McGinnis &
Ostrom, 2014, Fig. 1) as an attempt to capture the complexity of social-
ecological systems. We believe that a focal link between the ESS and
SES thinking are the Resource Units in the SES framework. To highlight
this link, we replaced in Fig. 1 McGinnis’ and Ostrom’s (2014) Resource
Units by Ecosystem Services. Making this adaption requires to
Fig. 1. SES framework with ESS link. Based on McGinnis & Ostrom (2014).
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conceptualise Resource Units/ESS as ﬂows being based on the stocks
and processes of the resource/ecosystem rather than being part of it. As
in the original SES framework, the layers of the boxes indicate that
multiple ESSs are inputs to multiple layers of action situations with
multiple people being involved and multiple governance systems or-
ganising the interactions.
We acknowledge that appropriation ASs can be understood as a
transformative process from ecosystem functions to actual beneﬁts for
people (Spangenberg et al., 2014a). The cascade model of ESS gen-
eration and valuation as originally presented by Haines-Young and
Potschin (2010) describes steps that eventually link biophysical aspects
with human well-being. Spangenberg et al. (2014b) modiﬁed the cas-
cade by including societal processes and the role of stakeholders. This
modiﬁcation allowed the linking of the ESS transformation processes to
enhancing ASs (Spangenberg et al., 2015). We emphasise people’s ef-
forts to change resource systems to aﬀect its contribution to ESS en-
hancement by adding respective links between ASs, resource systems
and ESSs to Fig. 1.
We classify ESSs according to their excludability and subtractability
(Table 1) as these features strongly determine which ASs require special
attention and which institutions ﬁt to an ESS. Excludability refers to the
costs of preventing a beneﬁciary from enjoying an ESS. Subtractability
describes to which degree one beneﬁciary’s enjoyment of an ESS aﬀects
the possibility of other beneﬁciaries to enjoy the same ESS (Ostrom,
2009). For instance, private good ESSs (PRG ESSs) can usually be
handled well within markets as one can easily exclude somebody from
their appropriation. This creates strong incentives to enhance the PRG
ESS’s provision and avoid unsustainable appropriation even though
they are strongly subtractable. This is diﬀerent for public good ESSs (PG
ESSs) and common pool resource ESSs (CPR ESSs). The diﬃculty of
excluding people from PG ESSs oﬀers incentives in the enhancing AS to
free-ride on the investment of others. Economic theory suggests that
this situation leads to insuﬃcient enhancement of the ESS. Individual
beneﬁts are spread amongst many beneﬁciaries for many PG ESSs.
Transaction costs prevent markets from providing eﬃcient incentives
ensuring maintained continued provision of PG ESSs (Barnaud et al.,
2018). State-based institutions are often considered to be an appro-
priate response to this situation. In the case of CPR ESSs, this enhancing
challenge is combined with the risk that even if the ESS is provided it is
prone to overuse - due to strong subtractability. Groups beneﬁting from
the resource must ﬁnd rules on how to appropriate ESSs. Table 1
summarizes links between characteristics of ESSs, focal ASs and ESS
governance.
3. Research approach
For this paper, case experts categorized ESSs using forest cases in
Asia, Africa and Latin America. The case data were collected between
2010 and 2017 by collaborative research projects implemented under
the Sustainable Land Management Program (Eppink et al., 2012) of the
German Ministry of Education and Research (BMBF). All projects par-
ticipated in the eﬀort to improve the understanding of selected socio-
ecological systems and to support sustainable land management with
transdisciplinary scientiﬁc approaches. Cases studied in the following
projects from the following countries are compared: INNOVATE/Brazil
(www.innovate.tu-berlin.de), SuMaRiO/China (www.SuMaRiO.de),
LEGATO/Philippines (www.legato-project.net), SuLaMa/Madagascar
(www.sulama.de), The Future Okavango (TFO)/Namibia (www.future-
okavango.org) and SASSCAL/Zambia (www.sasscal.org). The initial
case selection happened during network meetings of the aforemen-
tioned BMBF program. The lead author shared the idea with colleagues
of other projects and six out of ten non-European projects conﬁrmed
interest in developing a shared analysis.
The primary data sources are scientists of each project who were
typically part of the respective coordination teams. The experts con-
sulted members from their project teams and partners to gain feedback
on their assessments and adjust the ratings. This loop happened in an
unstructured way. Depending on the intensity of the experts’ inputs
they became co-authors of this paper. Co-authorship was granted if an
expert was not only an informant but also contributed to the concep-
tion, analysis, and discussion of results.
Data were collected in 2016 using an openly accessible online di-
agnostic procedure (cmap.icrisat.ac.in/ges). The procedure is basically
a questionnaire but follows a tree logic where (only) items listed in a
previous step appear in the next step. It contains a series of questions
that help clarify the steps in the ESS transformation process, the clas-
siﬁcation of ESSs as well as additional information regarding ASs.
The experts ﬁrst listed ESSs relevant to their case. They further
described management scenarios and their impacts on ESSs provision
(the tool proposes a time horizon for impact estimates of approximately
20 years). This allowed us to assess how resource management changes
would aﬀect diﬀerent types of ESSs. The scenarios were formulated by
the case experts based on their judgements on plausible development
pathways.
For the classiﬁcation of ESSs, the experts rated the excludability and
subtractability of each ESS they had mentioned. Substractability was
rated on a three point scale (no competition in use, moderate compe-
tition, strong competition). Excludability was rated on a four point scale
(very easy to exclude others from use, easy to exclude, diﬃcult to ex-
clude, very diﬃcult to exclude). We analysed the classiﬁcation in a
descriptive way and visualise them in Figs. 2–7. For better readability of
these ﬁgures we placed the markers of ESSs around the ordinal value.
This should not give the impression that the two variables were mea-
sured on a metric scale. All ESSs falling in one of the twelve ﬁgure ﬁelds
marked by grid lines actually have the same value.
The emerging cases descriptions and ESSs classiﬁcations reﬂect
Table 1
Characteristics of ecosystem services, related focal action situations, and implications on ecosystem governance; (typology of goods based on Ostrom 2009).
Subtractability
Low competition High competition
Excludability Diﬃcult Type of ESS Public good ecosystem service (PG ESS) Common pool resource ecosystem service (CPR ESS)
Focal ASs Enhancing ASs Enhancing and appropriation ASs
Frequent governance
challenges
Large number of widely distributed beneﬁciaries,
value diﬃcult to estimate
Insecure property rights, freeriding on enhancing actions and
overexploitation
Typical governance
responses
State regulation, taxes, subsidies, hybrid
conditional payment schemes
Cooperation, community-based management, community tenure, state
regulation
Easy Type of ESS Toll good ecosystem service (TG ESS) Private good ecosystem service (PRG ESS)
Focal ASs Enhancing ASs Appropriation ASs
Frequent governance
challenges
Insecure property rights, value not acknowledged Insecure property rights, hidden costs of appropriation e.g. due to
trade-oﬀs with incompatible PG or CPR ESSs
Typical governance
responses
Market mechanisms Market mechanisms, state regulation
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rather subjective impressions based on longstanding transdisciplinary
work in the regions. Our results condense ﬁndings of assessments with
much more methodological depth, reported in published material to
which we refer in the case descriptions.
4. Results
4.1. The future Okavango case
This case refers to the Namibian Kavango regions characterized by a
semi-arid climate with an annual precipitation of approximately
600mm (Weber, 2013). Although a signiﬁcant proportion of the Oka-
vango basin is still covered with primary forest of diﬀerent types
(Revermann & Finckh, 2013) more than 70 percent of the riverine ve-
getation has been lost over the past few decades (RoN, 2004). The ex-
pansion of agricultural ﬁelds is the main driver of deforestation
(Pröpper et al., 2010). The sandy, porous soil texture in most of the
Kavango holds few nutrients and allows water to drain away rapidly
(Mendelsohn & El Obeid, 2003). Land is and was, with very few ex-
ceptions, not fertilized – neither by manure nor chemical fertilizers. In
the absence of improved technologies, many small-scale farmers rely on
newly cleared and fertile forest lands as a cheap production input
(Benhin, 2006).
A subsidiary traditional authority system prevents outsiders eﬀec-
tively from accessing forests and land. Customary law places, however,
few clearing restrictions on community members, mainly because of the
Fig. 2. Mapping types of and changes in the provision of ESSs in the TFO deforestation scenario.
Fig. 3. Mapping types of and changes in the provision of ESSs in the SASSCAL deforestation scenario.
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perception of low scarcity/subtractability. While this perception could
be justiﬁed in the past, accelerating deforestation rates due to small-
holder clearings indicate that these rules need adjustments. The gov-
ernment introduced new statutory laws controlling shifting cultivation
patterns. New land tenure laws are, however, not implemented in the
research region due to strong resistance by the population and tradi-
tional authorities (Falk, 2008, Falk and Kirk, 2011).
We observed clear trade-oﬀs between keeping and using forested
lands and using these lands as agricultural ﬁelds. Fig. 2 shows that
speciﬁc PG ESSs (diﬃcult exclusion/low competition) would be re-
duced as a consequence of continuous deforestation. A wide range of
ESSs, speciﬁcally regulating and cultural ESSs, fall into this group.
CPR ESSs such as ﬁrewood, construction wood, fruits, medicinal
plants, thatch grass, or game meat would also be diminished due to
deforestation. These are provisioning ESSs appropriated by local com-
munities (RoN, 2004, Falk, 2008, Pröpper, 2009). At the same time,
land-use transformation to agriculture would favour a limited number
of provisioning PRG ESSs which can be easily capitalised in markets.
Civil society organisations and the state would try to mitigate conﬂicts
between PRG and CPR ESSs by strengthening community forest rights.
These would be the precondition for designing improved community
rules for the enhancing and appropriation ASs of the CPR ESSs. This is
theoretically possible because PRG and CPR ESSs are mainly enjoyed at
a local scale while the beneﬁciaries of PG ESSs are scattered across
Fig. 4. Mapping types of and changes in the provision of ESSs in LEGATO’s unsustainable tourism development scenario.
Fig. 5. Mapping types of and changes in the provision of ESSs in the SULAMA deforestation scenario.
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diﬀerent scales.
4.2. The SASSCAL case
The SASSCAL case analysed deforestation through smallholder
agriculture in Mumbwa District in the Central Province of Zambia,
approximately 160 km from the country’s capital Lusaka. In Zambia,
smallholder agriculture is considered a main driver of deforestation,
contributing to a total annual forest loss of more than 250,000 ha
(Vinya et al., 2012). The research area is part of a dedicated buﬀer zone
of the Kafue National Park, the Mumbwa Game Management Area.
Even though a community-based natural resource management regime
had been established, communities are scarcely beneﬁting from PRG
ESS tourism (Nkhata and Breen, 2010). Deforestation is mainly driven
by agriculture. The project interviewed 320 households and the ana-
lyses showed that between 2010 and 2014 49% of them cleared forest
(Vorlaufer et al., 2017). In 2014 alone, 22% of the households extended
their ﬁelds. Current low-input agricultural practices lead to a rapid
depletion of soil fertility (de Blécourt et al., 2018). In response, most
households rely on a continuous clearing of fertile forest land as pro-
duction input (Benhin, 2006). This dynamic is further aggravated by a
growing demand for agricultural lands due to population growth and an
increasing inﬂux of migrants from southern Zambia. Considering these
dynamics, the most likely future scenario would be continuing
Fig. 6. Mapping types of and changes in the provision of ESSs in the SuMaRiO rehabilitation scenario.
Fig. 7. Mapping types of and changes in the provision of ESSs in the INNOVATE sustainable development scenario.
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deforestation that would eventually lead to the disappearance of the
current forest-agricultural mosaic. The associated changes in the ESSs
are illustrated in Fig. 3.
Under this scenario, the provision of PRG ESS food from crops
would increase. Tourism related PRG ESSs would decrease due to the
loss of scenic landscapes and wildlife. Farmers would continue to ne-
glect its value in ASs as underdeveloped market opportunities allow
only a few households to beneﬁt from their appropriation. Most tourism
businesses would continue to be run by outsiders and would provide
very limited local employment opportunities. Food from livestock, an-
other PRG ESS, was also expected to decrease along a loss of grazing
areas. CPR ESSs mainly relate to forest related livelihood activities such
as collecting timber and non-timber forest products. Without any ex-
ceptions, these ESSs would decrease. Historically they were managed
by customary law which was largely replaced by poorly enforced state
regulations. Community-based natural resource management regimes,
established in the early 2000s as part of the Mumbwa Game
Management Area, shifted resource rights to the community.
Nevertheless, blueprint governance approaches initiated top-down by
the government were assumed to continue being incapable of eﬀec-
tively governing the ESS ASs.
PG ESSs are mostly enjoyed at the regional scale (e.g., pest control
and drainage) or even global scale (e.g., carbon sequestration, genetic
resources, iconic landscapes). These ESSs were expected to be experi-
enced less. There are currently no institutions in place to create in-
centives for their enhancement.
4.3. The LEGATO case
The LEGATO project studied, amongst other things, irrigated rice
systems in Banaue/Philippines (Settele et al., 2015, Spangenberg et al.,
2017). The site is located in the Luzon mountain range that has a humid
climate, low temperatures and a short growing season. Most of the rice
terraces are a main tourist attraction and UNESCO world heritage sites
(Tekken et al., 2017). Many mountain tops are covered with forests that
are either owned by the state or by family clans; forests have been
managed more sustainably under the latter tenure system. At the same
time, the pressure on forests is increasing speciﬁcally due to mounting
market demand for CPR ESSs, resulting in unsustainable hunting as well
as logging for ﬁrewood, carving and construction. The LEGATO case
experts explored the eﬀects of a worst case tourism development
pathway in comparison to the current resource management system
(Settele et al., 2018).
Under this scenario (Fig. 4), low budget tourists were assumed to be
attracted to the area, resulting in a substantial expansion of tourism
(while little money is spent in the region) and in destruction of the
landscape due to inappropriate construction and unsustainable appro-
priation of PRG and CPR ESSs. The proﬁts from tourism were expected
to be insuﬃciently shared with local residents, and only low-qualiﬁed
jobs would be oﬀered to them. This situation would stimulate social
tensions between local residents and outside investors and tourism
operators.
Unsustainable tourism development would negatively aﬀect all
types of ESSs as it would put high stress on the region’s scarce renew-
able resources – especially water and wood. CPR ESSs irrigation and
drinking water was assumed to be privatized at high exclusion costs and
become expensive, reducing access for local residents. The growing
tourist numbers would enlarge the market for souvenirs. Wood carving
would ﬂourish and CPR ESS wood would be appropriated from the local
forests. Family forest tenure systems would be challenged by powerful
market actors, and their institutional weakness would result in selected
tree species being harvested in an almost uncontrolled manner. As they
became scarce, even less suitable tree species and more remote areas
would be exploited. This process would reduce forest PG and CPR ESSs,
in particular water retention and biodiversity. This would decrease the
reliability of CPR ESS irrigation water supply and reduce not only PRG
ESS harvests but also the PG ESS stability of the rice terraces.
Increasingly, terraces collapse, and the cultural landscape would
transform. As a result, the UNESCO World Heritage status was projected
to be withdrawn and tourism breaks down. The local population would
be left with their sources of income devastated. The costs of losing all
these ESSs was not taken into account in the wood market transactions.
Our analyses suggest that in particular the unsustainable extraction
of CPR ESSs can lead to a chain of degradation. Historically, the family
tenure system played a key role in the appropriation ASs of water and
forest. It managed the costly exclusion of these ESSs more eﬃciently
than the state. The state already increased its capacity but is still well
advised to strengthen family tenure security as new powerful actors
enter the ASs.
4.4. The SuLaMa case
The SuLaMa project investigated sustainable land-use alternatives
on the Mahafaly Plateau in southwestern Madagascar (Kobbe et al.,
2017). The region faces the challenge of reconciling biodiversity con-
servation with sustainable land management. Economic development is
extremely low, and land use is dominated by agriculture. The local
population depends to a large degree on natural resources especially
during lean times. Under unfavourable soil and climatic conditions,
people currently see no alternatives but to maintain the low-input/low-
output cropping system by rapid slash-and-burn cycles. This practice, in
combination with charcoal production and overgrazing, has led to a
45% forest loss during the last four decades, resulting in an increasingly
fragmented landscape mosaic (Brinkmann et al., 2014). At the same
time, forest CPR ESS such as construction materials, ﬁrewood and
medicinal plants provide important complements to smallholder farmer
livelihoods, and wild plants and animals contribute directly to people’s
food security, especially during times of crop failures (Noromiarilanto
et al., 2016). Forest resources further play a critical role in Malagasy
culture (Neudert et al., 2015).
In addition to cultivation, livestock plays a key role in the liveli-
hoods of the people. The very extensive animal husbandry system is
susceptible to seasonal shortages of CPR ESSs water and forage. The
expansion of croplands leads to an increasing potential for conﬂict
between pastoralists and crop farmers. During the recent years of po-
litical instability, cattle rustling strongly increased, and forests also
served as protection against cattle thieves, adding a new component to
the forest ESSs (Ratovonamana et al., 2013, Feldt et al., 2016, Goetter,
2016).
The SuLaMa experts described a development scenario assuming
that the aforementioned dynamics are not addressed, and rather ac-
celerate due to population growth, climate change, political instability
and market failures related to forest ESSs. This scenario would lead to
an even more fragmented and disturbed landscape mosaic comprising
considerably less natural forest area and much more agricultural land
(Fig. 5). Like the other African cases, mainly PG and CPR ESSs would be
reduced under this development scenario. Agricultural intensiﬁcation is
unlikely and the ongoing deforestation at the cost of forest ESSs would
stabilize, at best, but not increase PRG ESSs related to agriculture.
In the SuLaMa case, conﬂicts create much insecurity in all ASs. Even
generally easy to exclude ESSs are negatively aﬀected. The state is
speciﬁcally weak and sets priorities other than ecosystem management.
Traditional authorities ﬁll some of the gaps but are also challenged.
There are in particular low incentives to invest in enhancing ESSs.
4.5. The SuMaRiO case
The SuMaRiO project studied land and related water-use challenges
within the Tarim River Basin in China. Globally, this arid region is the
most remote area from oceans; hence, rainfall is extremely low and does
not exceed 50mm per year. Thus, all types of economic activities,
especially agriculture, industry and the domestic sector and urban life,
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as well as the natural ecosystems, depend on the CPR ESS river water
(Feike et al., 2017). The Tarim River, which is the largest river of the
Tarim Basin, is fed from snowmelt and glacier-melt in the mountains.
Water discharge into the Tarim River has increased over the past
decade. However, global climate change is likely to result in a shrinking
future water supply making the area even more vulnerable (Farinotti
et al., 2015). Since the 1950s, irrigated agriculture has extensively
extended into pristine areas along the rivers (Feike et al., 2015). As a
result of the increasing appropriation, river ﬂows have strongly de-
creased, leading to degradation in ﬂoodplain vegetation and saliniza-
tion of agricultural lands. There is a trade-oﬀ between generating in-
come from irrigated agriculture – mainly cotton – at the cost of diverse
ESSs.
Continuous population growth in the Aksu-Tarim Region exerts
increasing pressure on its natural resources including surface and
groundwater quantity and quality, riparian forests, and soil quality.
Positive price developments for various crops motivate the local
farming communities to expand their agricultural activities.
Consequently, riparian ecosystems degrade due to clearing and dis-
turbances to the hydrological system. Government authorities are
aware that current land- and water-use patterns are unsustainable but
do not take the necessary, vigorous actions (Mamitimin et al., 2014).
Starting from the status quo of this strongly disturbed ecosystem,
the SuMaRiO case expert formulated a rehabilitation scenario assuming
improved regulations on the expansion of agricultural land and water
use (Fig. 6). This rehabilitation scenario would lead to an improvement
in the natural riparian ecosystems and partially restored ecosystem
functions resulting in the enhanced provision of multiple PG and CPR
ESSs. Achieving this goal would require considerable eﬀorts such as a
more eﬃcient use of the CPR ESS water for instance through state
regulated water pricing creating water saving incentives in the appro-
priation ASs (Feike & Henseler, 2017). The area used for cultivation
would have to be reduced. This could be achieved through land use
planning and strictly enforced restrictions. All such measures would
have to be introduced against strong market incentives for PRG ESSs
related to crop production (Khor & Feike, 2017). Hence, an opportunity
cost based payment for ecosystem service mechanism to provide in-
centives for enhancing larger scale PG ESSs would require massive
public investments. The social and economic sustainability of the region
would therefore strongly depend on the development of alternative
sources of income rather than increasing the local beneﬁts of PG and
CPR ESSs.
4.6. The INNOVATE case
The INNOVATE project identiﬁed and developed ecosystem-friendly
and economically viable land and water management options in the São
Francisco River Basin (Siegmund-Schultze et al., 2015a). The basin
covers approximately 630,000 km2, spans several states of Brazil and is
aﬀected by involuntary resettlement due to the construction of dams a
few decades ago. Current reservoir management is dominated by a
historical focus on generating hydroelectricity, providing power as a
PRG ESS. This system is increasingly contested, as it reduces e.g. the
availability CPR ESS water for alternative use options speciﬁcally in the
semi-arid portion of the watershed.
Many land-use decisions are typically taken at the municipal level,
but the planning and implementation capacity of the responsible oﬃ-
cials is low and responsibilities are sometimes unclear (Rodorﬀ et al.,
2015). Regulations especially on the appropriation of CPR ESSs are
poorly enforced. This results in uncoordinated individual decisions that
often do not take unintended consequences especially on PG and CPR
ESS into account. For instance, dominant grazing practices on the
natural range (Caatinga dry forest) threaten multiple PG ESSs such as
carbon sequestration (Schulz et al., 2016). More integrated approaches
including rotational grazing, reducing stocking densities, and forage
cultivation (Schulz et al., 2018) could enhance their provision. There
are, however, no strong institutional incentives for enhancing PG, CPR
or PRG ESSs (Siegmund-Schultze et al., 2018). The federal government
introduced a decentral participatory governance system through river
basin committees. Water is the major concern of such committees ad-
dressing also interrelations between water and land. One task of the
committee of the studied river basin is to question the focus on PRG
ESSs and to harmonize in particular the enhancement and appropria-
tion of CPR ESSs in the face of multiple socio-economic, political,
ecological, and cultural diﬀerences in the basin (Siegmund-Schultze
et al., 2015b).
Under a sustainable development scenario (Fig. 7), the case experts
assumed that participatory water management is successfully im-
plemented improving both the appropriation and enhancement of ESSs.
The compliance with environmental laws, such as the Brazilian Forest
Code, would be consequently monitored and enforced reducing espe-
cially the pressure on forest CPR ESSs in the appropriation ASs. En-
vironmental education would be integrated and mainstreamed in the
curricula, and sustainable land management practices would be eﬀec-
tively promoted by diﬀerent stakeholders. This would encourage en-
hancements of forest ESSs for instance by reforesting and preserving
sources and river banks. As a result, the Caatinga dry forest would re-
cover. The CPR ESS water quality and availability would improve in the
semi-arid region over the long term. Strategic planning of nature con-
servation (Koch et al., 2017) would result in the establishment and
maintenance of interconnected conservation areas that safeguard the
biodiversity of the biome and ultimately enhance PG ESSs such as
iconic landscapes. Nevertheless, despite all the new ESS related bene-
ﬁts, sustainable management of a dry forest for productive purposes
would be rather space-intensive, allowing only few people to directly
sustain their livelihoods. Therefore, alternative income generation op-
tions would have to be promoted to decrease the dependency of the
growing population on the ecosystem.
5. Discussion
Mapping ESSs according to their excludability and subtractability
revealed similar patterns across forest cases in diﬀerent parts of the
world. Typically, there were trade-oﬀs between a low number of cul-
tivation-related PRG ESSs and diverse forest related PG and CPR ESSs
(see also Loft et al., 2015, Verburg et al., 2016). This result ﬁts the
general pattern that Howe et al. (2014) describe: trade-oﬀs are more
frequent when PRG provisioning ESSs are involved. In the three African
cases, deforestation is accelerating, which was expected to lead to an
increase in food and income from cultivation but to deterioration in
collective goods. In the Chinese and Brazilian cases, forests are already
altered to a degree that a meaningful change would require re-
habilitation measures. In these cases, decisions would have to be made
to reduce food and income from cultivation to enhance the provision of
other ESSs. The Philippine case is special as there is a risk of develop-
ment, which diminishes the overall resource base due to short-sighted
exploitative strategies.
Often, the value of the food and income produced through agri-
culture over the short term is high enough to drive decisions towards
agricultural land-use. Ecosystem service valuations can help to estimate
whether this is in the interest of overall welfare or whether in a speciﬁc
case regulating and cultural ESSs have a higher value compared to
agricultural production. If these beneﬁts are not highlighted they will
easily be ignored in decision-making. Our approach responds to the
urgent need of considering synergetic bundles of ESSs rather than single
selected ones (Costanza et al., 2017, Cook et al., 2016).
Our cases showed that locally enjoyed agricultural PRG ESSs com-
pete with locally enjoyed CPR ESSs such as grazing, timber or wild
fruits, and PG ESSs such as spiritual values and pest control. The ﬁrst
question to ask is whether the CPR ESSs can be of greater local value
than the PRG ESSs. If this is the case, the solution could be eﬀective
governance of CPR ESSs which are prone to be unsustainably
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appropriated (Ostrom, 1990). Land and ESS rights security and local-
level governance mechanisms are likely to improve the interactions in
the appropriation ASs (Ostrom, 1990, Costanza et al., 2017, Cook et al.,
2016). This is most prominent in vulnerable political situations such as
our Madagascar case. There is a potential for increasingly degrading
customary institutions to play a key role (Primmer and Furman, 2012,
Mann et al., 2015, Barau and Stringer, 2015). Opportunities for co-
operation have to be emphasised (Barnaud et al., 2018). In the Brazilian
case for instance, many owners of small land units would have to co-
operate to establish any meaningful forest management. We observe
across all our cases that statutory laws and regulations are diﬃcult to
enforce given that costs of exclusion are high for CPR ESSs. Never-
theless, they can play an important role in a subsidiary governance
system whenever the local level institutions need back-up, for instance
when new powerful actors enter the appropriation ASs such as tourism
operators in the Indonesian and Zambian cases or timber traders in
Namibia. Improved governance of the appropriation ASs of CPR ESSs
could provide positive incentives in the enhancing ASs motivating for
instance reforestation in the Brazilian and Chinese cases.
Nevertheless, too often, a local win-win situation is assumed
without evidence (Verburg et al., 2016). Cost-beneﬁt calculations in-
dicate, for instance, that in the Namibian case even in the mid-term the
per-hectare subsistence and cash income received from the forest is
lower than that from agriculture. This suggests that communities im-
prove at least their material group welfare when shifting land use to-
wards cultivation PRG ESSs rather than managing forest CPR ESSs.
Under such conditions, local land users have weak incentives to en-
hance/maintain forest CPR resources (see also Pham et al., 2015). At
this point, it can be explored whether there is a mechanism to sus-
tainably increase the value of appropriated CPR ESSs to give them more
weight in decisions on land use transformations. Again in the Namibian
case, timber and thatch grass markets leave hardly any income with the
communities who through their management enhance the provision of
the ESSs. Regulating respective markets to improve beneﬁt sharing
could increase sustainable management incentives in the enhancing
ASs.
Our analysis suggested that in most of our cases local-level gov-
ernance of enhancing ASs of CPR ESSs is unlikely to generate suﬃcient
incentives for sustainable forest management given the strong trade-oﬀs
between PRG and CPR ESSs. We see, however, that provisioning CPR
ESSs are more compatible with regulating and cultural PG ESSs than
with provisioning PRG ESSs. Across all our cases, enhancing provi-
sioning PRG ESSs related to agriculture requires fundamental land-use
changes while interactions between CPR and PG ESSs can be managed
within the same land-use system. The logical next step would therefore
be to explore whether improved local level governance of CPR ESSs
together with state interventions or hybrid conditional payments for
enhancing PG ESSs can motivate land users to maintain or rehabilitate
forests. All our cases show a large pool of PG ESSs that are often not
translated into incentives in the local enhancing ASs.
Many PG ESSs are enjoyed at large scales by many people (Polasky
et al., 2014, Howe et al., 2014, Loft et al., 2015). Each beneﬁciary re-
ceives only an inﬁnitesimal beneﬁt e.g., from carbon sequestered in a
speciﬁc forest. Transaction costs for translating these beneﬁts into lo-
cally eﬀective enhancement incentives are typically high (Barnaud
et al., 2018). In addition, beneﬁciaries cannot be excluded from the
beneﬁts and are therefore tempted to hide their preferences and free-
ride on the eﬀorts of others (Hinkel et al., 2015, Costanza et al., 2017).
Thus, the governance of the enhancing AS requires special attention for
PG ESSs.
Researchers and policy makers search for instruments to create in-
centives for investments into PG ESSs in order to align resource use
decisions with the society’s wellbeing (Costanza et al., 2017, Cook
et al., 2016). Traditional state-centred institutions are resource use
regulations, taxes and subsidies (Loft et al., 2015). More innovative
mechanisms are conditional payment schemes often built around state
regulated markets such as for carbon or pollution credits and tradeable
permits (Cook et al., 2016, Mann et al., 2015). Currently, such payment
schemes focus on only a few ESSs. The main reason is that, with few
exceptions, their enhancement is diﬃcult to monitor – which is a pre-
condition for the mechanism to be eﬀective (Howe et al., 2014, Loft
et al., 2015, Pham et al., 2015). Land tenure is another critical con-
straint in harmonising CPR and PG ESS governance. For instance, cus-
tomary lands and forests are state-owned in most of our cases, while
communities have use rights, and traditional authorities play a key role
in land and forest governance. Under such conﬁgurations, incentive
schemes are required to reﬂect both the individual and community land
and forest property rights (Vorlaufer et al., 2017) preventing rent
seeking by powerful stakeholders and ensuring that local ESS bene-
ﬁciaries are motivated to enhance ESSs (Mann et al., 2015).
Mapping ESSs according to their excludability and subtractability
and detecting focal ASs was only the ﬁrst steps in analysing governance.
The next step would be to identify the stakeholders in the appropriation
and enhancing ASs. This step would help in understanding whose ap-
propriation needs to be balanced. The structured approach can help to
better understand how alternative decisions aﬀect ESSs and who may
be the winners and losers (Ruckelshaus et al., 2015, Förster et al., 2015,
Howe et al., 2014). The classiﬁcation would further facilitate the
identiﬁcation of stakeholders who make eﬀorts to enhance the provi-
sion of ESSs – or the ones who beneﬁt but do not contribute.
In addition, stakeholders take or do not take enhancing actions that
have an impact on ecosystem production capacity – even if they do not
intend to do so. In our cases, most appropriating actors also made some
type of contributions to the enhancement of ESSs. These are mainly
avoided actions such as reducing pesticide use, pollution, or logging.
Some governance actors enhance the ESSs provision mainly by de-
signing and enforcing institutions which create (dis-)incentives to re-
duce such actions.
It is worth mentioning that most ESSs were classiﬁed in the same
way in the diﬀerent cases. The few exceptions reﬂected diﬀerent levels
of scarcity (aﬀecting the degree of perceived subtractability) and bio-
physical conditions (aﬀecting excludability). This highlights that even
for the same ESS diﬀerent governance solutions may have to be iden-
tiﬁed depending on the context (Primmer et al., 2015).
Our approach helped to link SES thinking to the acknowledgement
of the multi-functionality of ecosystems and to look beyond current
land-use practices towards potential ecosystem beneﬁts and potential
contributors to ESS governance. Our approach also linked local land-
use decisions to trade-oﬀs experienced at multiple temporal, spatial and
societal scales (Seppelt et al., 2013, Ban et al., 2015). The ESS classi-
ﬁcation demonstrated the need to shift the perspective from ﬁnding the
best suited institution to govern an ecosystem (Reed et al., 2013) to-
ward acknowledging that each ESS produced by the SES has its in-
stitutional ﬁt that is likely to produce a sustainable management out-
come (Cox, 2012, Loft et al., 2015). The governance of an ecosystem
emerges from a messy web of institutions related to enhancing and
appropriation ASs of bundles of complementary ESSs (Woodhill, 2010,
Costanza et al., 2017, Cook et al., 2016). Integrated ecosystem man-
agement should therefore focus on harmonising these institutions
(Mann et al., 2015, Barau and Stringer, 2015, Verburg et al., 2016). Our
approach further highlighted the need to assess the interaction between
ESSs as well as between ASs related to diverse ESSs (Cole et al., 2014).
For this paper, only well-informed case experts classiﬁed ESSs and
interpreted the emerging patterns. Our deliberations are inevitably
based on subjective judgments in diagnosing speciﬁc situations.
However, we see the potential to use the approach in multi-stakeholder
co-creation processes supporting the development of case speciﬁc in-
stitutional innovations (Woodhill, 2010). Identifying uninvolved ben-
eﬁciaries can help detect untapped willingness-to-pay potentials and
motivate governance actors to provide incentives for more sustainable
development pathways (Mann et al., 2015). This process can be a cri-
tical step towards achieving fairer and more sustainable economic well-
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being as advocated by Costanza & Folke (1997).
6. Conclusion
Our ﬁrst contribution to the ESS governance discussion is to create
awareness that a smart matching of types of ESSs and types of institu-
tions more likely leads to sustainable ESS management. This under-
standing can guide more strategic SES analyses to ﬁnd institutions best
ﬁtting to speciﬁc ESSs. The classiﬁcation of ESSs further helps to
identify focal ASs which can guide better targeted ESS valuations. This
again helps structuring the assessment of stakeholders within the en-
hancing and appropriation ASs. Of special interest should be ESSs
whose values are not yet (suﬃciently) translated into incentives. The
critical challenge is to understand when governance leads to tipping the
locally perceived attractiveness of alternative land-use options.
Our second contribution to the ESS governance discussion is to
create awareness about the fact that ecosystem governance must si-
multaneously address diﬀerent types of ESSs and trade-oﬀs between
them. We observe across all our cases that provisioning CPR ESSs are
more compatible with regulating and cultural PG ESSs than with pro-
visioning PRG ESSs. This can be a pattern to be searched for in other
cases as this could having implications on more general patterns of
ecosystem governance designs. Nevertheless, we also observe context-
dependency. Hence, multiple SES assessments related to multiple ESSs
are required to ﬁnd the best-suited bundle of institutions.
We want to highlight the relevance of our ﬁndings in the context of
polycentric ecosystem governance (Ostrom, 2010, Cook et al., 2016,
Barnaud et al., 2018). Naturally, there will be multiple centres of de-
cision making if ecosystem governance emerges from interactions be-
tween multiple ESS-speciﬁc institutions. Coordinating these decision
making centres is the next higher governance challenge.
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